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In order to gain insight into the metabolism of keratin 
intermediate filaments (KIF) as well as the ability of 
KIF degradation products to interact with the immune 
system, we performed enzymatic degradation of puri-
fied KIF and examined their interaction with anti-KIF 
autoantibodies and their ability to act as immunogens. 
Aliquots of KIF aggregates were exposed to 3 different 
enzymes, that is, a-chymotrypsin, plasmin, and trypsin, 
in dose- and time-dependent experiments. The effect of 
the digestion was monitored sequentially by polyacryl-
a mide gel electrophoresis and simultaneously by trans-
mission electron microscopy. Furthermore, the KIF deg-
radation proteins were then examined for their ability 
to bind anti-KIF autoantibodies by immunoblot and for 
their immunogenicity. In addition, preincubation of KIF 
with anti-KIF autoantibodies prior to the digestion pro-
cedure was performed to investigate a possible protec-
tive effect of this treatment against proteolytic degra-
dation. 
The experiments demonstrated that: (1) KIF are de-
graded by serine proteinases, (2) with prolonged incu-
bation time intact KIF are progressively replaced by 
more granular-amorphous material in transmission 
electron microscopy, (3) anti-KIF autoantibodies bind to 
KIF degradation proteins, (4) preincubation of KIF with 
anti-KIF autoantibodies does not exert any major pro-
tective effect for KIF against proteolytic degradation, 
and (5) the enzymatic degradation products of KIF can 
function as effective immunogens causing the formation 
of high-titer anti-KIF antibodies. 
Keratin intermediate filaments (KIF) a re t he major struc-
tural proteins of keratinocytes of the human epidermis and are 
also known to occur in the epi t helia l cells lining t he gastroin -
testinal tract, the trachea, and urinary bladder, as well as in 
other organs such as t he kidney and liver [1,2]. Despite the fact 
t hat under normal circumstances KIF are intracellula r and not 
accessible to t he extracellular milieu and that the keratinocytes 
are for the most part shed from the surface of the skin, there 
are instances in which KIF are found extracellularly in tissue. 
From a dermatologic perspective t hese would include diseases 
in which epidermal destruction takes place as well as a naturally 
occurring form of keratinocyte cell death, known as apoptosis 
[3]. Indeed, extracellular intermediate-sized fi laments are 
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Abbreviations: 
a-CT: a-chymotrypsin 
HRP: horseradish peroxidase 
KIF: keratin intermediate fi lament(s) 
2-ME: 2- mercaptoethanol 
PAGE: polyacrylamide gel electrophoresis 
PBS: phosphate-buffered saline 
PMSF: phenylmethylsulfonylfluoride 
known to be present in human skin in localized cutaneous 
amyloidosis [ 4] or as cytoid (colloid, hyaline, Civatte) bodies 
associated with lupus erythematosus [5,6], graft-versus-host 
disease [7], lichen planus [5,8], and other diseases with basal 
cell layer destruction. Histopathologic [4,8- 11], histochemical 
[12,13], immunologic [14- 16], and other criteria [17] have 
indicated t hat these aggregates of filaments are probably de-
rived from KIF. 
We have recently demonstrated that the sera of individuals 
with cutaneous diseases contain high-titer autoantibodies 
against KIF [18] . Even more intriguing was the finding that a ll 
normal sera tested also contained autoantibodies against KIF. 
W e postulated that these autoantibodies might, through opson-
ization, be important in the processing or removal of KIF from 
sites of cutaneous damage or sites of natural epithelia l cell 
death in which KIF drop below the cutaneous basement mem-
brane. It is well known that KIF are extremely insoluble under 
physiologic conditions [19] and form large insoluble aggregates 
under isotonic conditions, which would presumably impair their 
removal by phagocytic processes. It is known t hat KIF proteins 
are suscept ible to cleavage by_ proteolytic enzymes [20-23], 
however the role that enzymatic degradation of KIF plays in 
the metabolism of tissue deposits of KIF and the effect of 
enzymatic digestion on the immunologic properties of KIF are 
unknown and became the subject of the present study. 
MATERIALS AND METHODS 
Preparation of Keratin Intermediate Filaments 
Normal human skin was obtained from keratome sections of surgical 
specimens and the epidermis was separated fro m the dermis by incu-
bation in a 0.02 M ethylenediaminetetraacetic acid (EDTA) buffer as 
previously described [18] . Five hundred milligrams of epidermis were 
extracted for 5 min at room temperature by homogenization in 18 ml 
of a 0.6 M potassium chloride, 1% Triton X-100, 0.0005 M phenylme-
thylsulfonyllluoride (PMSF) in phosphate-buffered saline (PBS). In 
order to remove soluble proteins, the pellet was washed twice with 
PBS. KIF were then dissolved with an 8 M urea solution containing 
0.1 M Tris-HCI, pH 9.0, and 0.1 M 2- mercaptoethanol (2-ME) for 4 h 
at room temperature. After centrifugation at 15,000 rpm at 4•c for 1 
h, the supernatant, containing dissolved KIF proteins, was dialyzed 
overnight at room temperature into 1000 volumes of reconstitut ion 
buffer (0.005 M Tris-HCl, pH 7.6, 0.001 M EDTA, and 0.001 M dithio-
threitol). This resulted in a suspension of insoluble, in vitro reconsti-
tuted KIF. An equal volume of PBS was then added to this suspension 
of in vitro reconstituted KIF and, with gentle shaking, insoluble KIF 
aggregates were formed. Additional purification was performed by 
wash ing the KIF aggregates twice with PBS, redissolving them in 8 ml 
of the urea solution (see above), fo llowed by centrifugation at 35,000 
rpm for l h at 4 · c. The supernatant was then again dialyzed against 
reconstitution buffer overnight and after this recycling the final KIF 
suspension was examined electron microscopically for in vitro recon-
stituted KIF by t ransmission electron microscopy of KIF aggregates. 
Digestion of KIF by Enzymes 
Aliquots of 1 mg of KIF (E~~ = 6.0) suspended in the hypotonic 
reconstitution buffer were induced to form large insoluble aggregates 
by the addition of PBS. After washing once with PBS, these aggregates 
were then exposed in 1 ml PBS at 37•c to various concentrations of 
our test enzymes for various periods of time. Specifically, 3 different 
enzymes, that is, a-chymotrypsin (a-CT, Worthington Biochemical 
Corporation, Freehold, New Jersey), plasmin (Sigma Chemical Com-
108 
Feb. 1985 IMMUNOLOGIC PROPERTIES OF DEGRADED KERATIN FILAMENTS 109 
pany, St. Louis, Missouri), and t rypsi n type IX (Sigma), which are all 
serine proteinases similar to those present in human skin [24], were 
chosen for the digestion experiments. In preliminary dose-dependent 
digestion experiments, various concentrations of each of the 3 test 
enzymes were incubated wit h 1 mg of insoluble KIF for 30 min at 37"C. 
The concentrations of each enzyme in these experiments were as 
follows: (1) a -CT 5 X 10-2 ,ug/ml, 5 x 10-1 llg/ml, 1 ,ug/ml, 10 llg/ml, 
and 100 ,ug/ml; (2) plasmin 2.5 X 10- 1 ,ug/ml, 2.5 llg/ml, and 250 !lgf 
ml; and (3) tryps in 1 X 10-2 ,ug/ml, 1 X 10-' 11g/ml, l 11g/ml, and 10 11g/ 
mi. In each instance a concentration of enzyme which resulted in 
partial digestion of KIF was chosen and then used in the subsequent 
time-dependent digestion experiments. These concentrations were a-
CT 5 X 10- l llgf ml , plasmin 250 ,ug/ml, and trypsin 5 X w-• ,ug/ml. 
After a given incubation period with a certain concentration of enzyme, 
the KIF aggregates or their remnants were centrifuged at 2000 rpm for 
10 min and the supernatants were separated from the pellets. Laemmli 
sample buffer [25] containing 5% 2-ME was immediately added to t he 
pellets as well as to the supernatants to stop further enzymatic diges-
tion. These samples were then examined by polyacrylamide gel electro-
phoresis (PAGE) [25] or used for immunoblot experiments. PAGE was 
performed on 9% continuous gels using 25 .ul of each pellet and 100 }l l 
of each supernatant sample. In control experiments 1-mg a liquots of 
KIF aggregates were incubated with PBS at 37"C for the respective 
longest incubation period. In order to determine the solubili ty of KIF 
degradation products, the KIF supernatants generated by 2.5 h diges-
tion with 5 X 10- 1 ,ug/ ml a-CT, 5 X 10- 1 ,ug/ml trypsin, or 250 11g/ml 
p lasmin were, following the addition of 0.0005 M PMSF, centrifuged 
again at 35,000 rpm for 1 hat 4"C and then examined by PAGE. 
Imm unoblot Experiments 
The binding of anti -KIF autoantibodies to transblotted KIF proteins 
or their degradation products was performed with 2 different human 
sera as previously described [18]. Following transfer of KIF proteins or 
KIF degradation products, separated by PAGE, to nitrocellulose sheets, 
t he transblotted proteins were stained with 0.1% fast green FCF 
(Eastman Kodak Co. , Rochester, New York) in 10% methanol and 5% 
acetic acid for 1 min. After destaining with 10% methanol and 10% 
acetic acid, t he positions of t he individual protein bands were marked 
by punch ing their edges with a fine needle. The nitrocellulose sheets 
contain ing the transblotted proteins were then reacted with the 2 
different test sera containing anti-KIF autoantibodies. Anti-KIF auto-
antibodies in serum #1 were directed mainly against t he 55 kD KIF 
protei n, which in two-dimensional gel electrophoresis revealed an acidic 
c haracter (pH- 5.2) . In contrast, anti-KIF autoantibodies in serum #2 
bound to the 61.5 kD and t he 63 kD KIF proteins which were shown 
by two-d imensiona l gel electrophoresis to be mainly basic proteins 
(serum #2 in [18]). Therefore the anti -KIF autoantibodies in the 2 test 
sera recognized KIF proteins, which were members of2 distinct keratin 
fam ilies, that is, type I (serum #1) and type II (serum #2) keratins but 
wh ich are at t he same t ime molecular markers for keratinization [26-
28). Serum #1 (end titer 1:12,800) was used in all immunoblot experi-
ments in a working dilution of 1:200; serum #2 (end titer 1:5,000), was 
used in a dilution of 1:80. This was followed by an incubation wit h 
horseradish peroxidase (HRP)-conjugated Protein A (HRP-Protein A, 
Kirkegaard and Perry Lab, Gaithersburg, Maryland), diluted 1:200, 
a.nd finally with diaminobenzidine medium [29 ]. Prior staining of the 
transblotted protein bands with fast green, which vanished during the 
immunologic staining procedure, allowed precise identification of the 
proteins that were either reactive or unreactive with the anti-KIF 
autoantibodies. 
Electron Microscopy 
At every t ime point of t he time-dependent digestion experiments 
with a-CT, plasmin , or tryps in , the effects of the digestion of KIF were 
also monitored by t ransmiss ion electron microscopy. Immediately after 
centrifugation of the digestion products, 6% glutara ldehyde in 0.1 M 
sodium phosphate buffer was added to the pellets, which were subse-
quently processed by routine electron microscopic techniques. 
Preincubation of J(JF with Anti-KIF Autoantibodies, Followed by 
Exposure to Enzymes 
In order to determine whether prior reaction of KIF with anti-K IF 
autoantibodies exerted any protective effect from enzymatic digestion, 
the following experiment was performed. An IgG-enriched fraction 
from a serum containing anti -KIF autoantibodies directed against t he 
61.5 and 63 kD KIF proteins (serum #2) was prepared by precipitation 
with ammonium sulfate and affi ni ty chromatography on Protein A-
Sepharose CL-4B (Pharmacia Fine Chemicals, Uppsala, Sweden) ac-
cording to standard techniques. A portion (1.8 mg or 3.6 mg) of the 
concent rated IgG fraction, which contained anti-KIF autoantibodies 
in an end titer of 1:4000, was incubated in 1 ml PBS with 1 mg KIF 
aggregates under continuous shaking at room temperature for 1 h. The 
KIF aggregates were then washed thoroughly 3 t imes with PBS and 
subjected to digestion with 5 X 10-1 11g/ ml a-CT for 60 min and 150 
min or with 5 x to-• llg/ml tryps in for 15 min and 60 min. Digestion 
of KIF aggregates without incubation with the lgG fraction but pre-
pared by identical procedures served as control. The effect of t he 
enzymatic degradation was monitored by PAGE. 
In order to determine the successful binding of anti-KIF autoanti-
bodies to KIF, the supernatants resulting from the above-described 
absorption procedure with enriched IgG were checked for remaining 
anti-KIF autoantibody reactivity on transblot. In one experiment the 
KIF aggregate, which was reacted wit h the IgG preparation and washed 
3 t imes as described above, was dissolved in Laemmli sample buffer 
[25) without reducing agent and was then electrophoresed under non-
reducing conditions. After transblotting, the proteins of this "KIF - anti-
KIF autoantibody complex" were examined for the presence of IgG 
heavy chains with a -y-chain specific HRP-conjugated goat antihuman 
lgG antiserum (Tago Inc., Burlingame, California), followed by incu-
bation with diaminobenzidine medium [18]. 
Immunization of a Rabbit with KIF Digestion. Products 
A New Zealand White rabbit was immunized by standard techniques 
with soluble KIF degradation proteins generated in supernatants by 
digestion of KIF by plasmin. The postimmunization serum was tested 
for the production of skin-reactive antibodies by indirect immunoflu-
orescence and for antibodies reacting with intact KIF proteins or KIF 
degradation products by immunoblot. 
RESULTS 
KIF Substrate 
Transmission electron microscopy of undigested KIF aggre-
gates revealed a homogenous mass of curvilinear, unbranched 
filaments with a cliameter up to 10 nm, essentially devoid of 
contaminants (Fig 1A). Addition of PBS to the KIF suspended 
in reconstitution buffer led to the formation of macroscopic 
KIF aggregates. Those aggregates formed, in general, a single 
network of KIF (Fig 1A, inset). PAGE an a lysis of undigested 
KIF in the contro l test tubes revealed KIF protein bands at 51 , 
54, 55, 58, 61.5, 63, and 65 kD (Figs 2B, 3B, 4B) the major ones 
corresponding to t he major KIF polypeptides described by Sun 
eta! (50, 56.5, 58, and 67 kD) (27], by Fuchs et al (50, 56, 58, 
and 67 kD) [30], or by Moll et a ! (50, 56.5, 58, and 68 kD) (1] . 
Degradation of KIF by Enzymes (General Findings) 
The exposure of KIF aggregates to the various enzymes 
resulted in their digestion, wh ich was visible macroscopically. 
Initially the KIF aggregates consisted of one solid proteinaceous 
mass. This macroaggregate disintegrated into pieces of various 
s ize and t he overall mass of visible KIF aggregates diminished 
markedly with in creasing incubation times. The length of the 
longest incubation period was determined by the t ime point at 
which t he visible KIF aggregate had almost completely disap-
peared, but at which a pellet was still obtained by centrifuga-
tion. When centrifugation of the supernatants was repeated at 
35,000 rpm for 1 h n o macroscopically visible pellet was ob-
tained. KIF degradation products were found in the soluble 
fraction of t he digestion product as shown by PAGE. 
In t he dose-dependent pilot experiments the effect of the 
exposu re of 1 mg KIF aggregate aliquots to various concentra-
tions (see Materials and Methods) of the 3 test enzymes ranged 
from very li ttle degradation to rapid and complete digestion of 
t he substrate. 
Enzyme-Specific Degradation Effects and Au/.oantibody 
Binding 
a-Chymotrypsin digestion: The incubation periods of the 
time-dependent experimen ts, in which 5 X w-l Jlg/ml a-CT 
was used, were 30 min, 1 h, 2 h, 3 h , 4 h , and 5 h . On PAGE of 
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KIF pellets the most striking finding of the a-CT digestion 
pattern was the preferential degradation of the high-molecular-
weight (65, 63, and 61.5 kD) and the 58 kD KIF proteins, which 
were barely detectable after 3 h of incubation. The major bands 
in the region of 52- 55.5 kD were preserved throughout the 
longest incubation period, although there was some progressive 
degradation in this region (Fig 2B-E). After 30 min multiple 
new bands appeared in the region below the major KIF protein 
bands with notable bands at 49.5, 45.5, 44.5, 43, 41.5, and 41 
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kD (Fig 2C- E). Three major degradation products were found 
on PAGE of supernatants at 49.5, 45.5, and 41 kD (Fig 2K), 
being detectable after 2 h. 
Immunoblot experiments using pellets, demonstrated that as 
long as specific KIF protein bands were detectable on PAGE, 
they were also strongly stained with the respective anti-KIF 
autoantibodies in both test sera (Fig 2F-l) . In addition, faint 
staining was observed with serum #1 of high-molecular-weight 
KIF proteins (58, 61.5, 63, and 65.5 kD) as long as they were 
detectable on PAGE (Fig 2F-G). Furthermore, serum #2 faintly 
stained low-molecular-weight KIF proteins (51-55 kD) , and 
with progressive digestion time it also stained degradation 
proteins down to the 41.5 kD protein band (Fig 2l,J). Using 
supernatants and pellets, staining of various intensity of the 
49.5 kD and the 45.5 kD KIF degradation proteins was seen 
with both test sera (Fig 2F-J,L), indicating that these proteins 
have retained antigenic sites for both the anti-55 kD and the 
anti-61.5 and anti-63 kD KIF autoantibodies. 
Plasmin digestion: A concentration of 250 J.Lg/ml plasmin was 
used for time-dependent digestion studies of 20 min, 2 h, 3 h , 
and 5 h. Increasing digestion time resulted in a marked reduc-
tion of both low- and high-molecular-weight KIF proteins in 
the pellets. At the same time the major degradation products 
in the pellet fractions were 49, 44.5, and 39.5 kD protein bands, 
with the strongest expression of the 49 kD band (Fig 3B-E) . 
In the supernatants, there were virtually no protein bands 
detectable in the original KIF protein region, whereas, in the 
region below, multiple new bands occurred with increasingly 
longer incubation times. The major bands given on the example 
of 3-h digestion were at 48.5, 43.5, 39, 37.5, 37, 32, 28, 25.5, 24, 
and 21 kD (Fig 3H). This pattern of major degradation products 
was virtually the same in the supernatants after 2, 3, and 5 h 
of digestion. 
Immunoblot experiments on the pellets showed, using serum 
#1, very strong staining of a thick band at 52.5- 55 kD in the 
control and after 20 min digestion. This thick band split into 2 
thick, heavily stained bands in this region after 2, 3, and 5 h 
digestion. Strong staining of 2 bands at 50 and 49 kD was also 
observed throughout the digestion period (Fig 3F) as well as 
faint staining of the 65, 63, 61.5, and the 58 kD proteins and of 
a 44.5 kD protein in all pellets. With serum #2, the 61.5 and 63 
kD KIF proteins of the pellet samples were markedly stained, 
however the intensity decreased with longer digestion periods. 
In addition, the other protein bands down to a 49 kD degrada-
tion protein and a lower molecular weight band, which was not 
picked up by the fast green stain , also exhibited faint reactivity 
(Fig 3G). In the supernatants, with both serum #1 and #2, there 
was marked staining of a 48.5 and a 43.5 kD protein. Addition-
ally, with se rum #1 there was faint staining of 41.5, 32, and 28 
kD prote in bands (Fig 3!). 
Trypsin digestion: On the basis of preliminary experiments, 
a concentration of 5 X 10- 1 1-tg/ml of trypsin was selected for 
the time-dependent experiments. Time points included 10 min, 
30 min, 1 h, and 2 h. As monitored on the pellet fractions, the 
incubation with trypsin resulted in a progressive decrease of 
KIF proteins. At the same time multiple additional bands 
appeared in the 39-50 kD region (Fig 4B-E ). After 2 h of 
digestion these minor bands constituted the remaining detect-
able proteins in the pellet fraction (Fig 4E). Notable amounts 
of degradation products were detectable in the supernatants 
after 1 h and 2 h of digestion. The major degradation products 
were found at 49.5, 44.5, 41, 39, 37.5, and 37 kD, and minor 
bands at 35.5, 32, 30.5, 27, 25.5, 24, and 21 kD (Fig 4H). 
Immunoblot experiments with serum #1 on the pellet frac-
tions again revealed strong staining of a very thick band in the 
region of 52- 55.5 kD. After 2 h of digestion, this thick band 
was, in accordance with the finding on PAGE, split into several 
minor bands (Fig 4E), which were also strongly stained with 
serum #1 (Fig 4G). Anti-KIF autoantibodies in serum #2 dis-
tinctly stained the 63 and 61.5 kD KIF proteins, and to a lesser 
extent an ill-defined group of degraded KIF proteins including 
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FIG 2. PAGE and immunoblot analy-
sis of KIF digest ion by a-chymotrypsin 
(5 x 10- ' Jlg/ml): A-E a nd K represent 
PAGE, Coomass ie Blue stain; F- J and L 
are immunoblots, 4 performed eit her with 
serum #1 (1:200) or serum #2 (1:80), fol -
lowed by HRP-Protein A 1:200 a nd t hen 
diaminobenzidine medium. A, molecular 
weight standards: from top, phosphoryl-
ase B 92,500, BSA 66,200, ovalbumin 
45,000. B, pellet, no enzyme added to 
KIF. C, pellet, 30 min digestion. D, pellet, 
3 h digestion. E, pellet, 5 h digestion. F, 
immunob lot , pellet, 30 min - serum #1. 
G, immunoblot, pellet, 3 h - serum #1. 
H, immunoblot, pellet , 5 h- serum #1. I , 
immunoblot, pellet, no enzyme added to 
KIF - serum #2. J, immunoblot, pellet, 
5 h - serum #2 . K, PAGE of supernatant, 
5 h digestion. L , immunoblot, superna-
tant, 4 h -serum #1. Detailed discussion 
in text. Block dots on immunoblots in 
Figs 2- 4 represent where protein bands A 
have been visua lized by fas t green stain-
ing and were marked by punching with a 
fine needle. The fast green stain of t he 
proteins disappea rs completely dur ing 
the immunoblot procedure. 
A B c D E F 
B c 
G H 
FIG 3. PAGE a nd immunoblot analysis of KIF digestion with plas-
min (250 Jlg/ml) : A- E and H represent PAGE, Coomassie Blue stain; 
F, G, and I are immunoblots. A, molecu la r weight standa rds as in Fig 
2a. B , pellet, no enzyme added to KIF. C, pellet, 20 min digestion . D , 
pellet, 2 h digestion. E, pellet, 3 h digestion . F, immunoblot, pellet, 5 h 
digestion - se rum #1. G, immunoblot, pellet, 3 h digestion -serum #2. 
H , PAGE of supernatant, 5 h digestion./, immunoblot, supernatant, 3 
h digestion - serum #1. For detailed desc ription see text. 
major degradation bands at 47.5 and 45.5 kD. Immunoblot 
experiments on the supernatant fractions after 1 h and 2 h 
digestion, respectively, demonstrated marked staining with 
both test sera of a thick band at 49.5 kD and a 44.5 kD band 
(Fig 4I) ; serum #2 stained also a 41 kD band. In the 2-h 
supernatant, serum #1 reacted fa intly with a 32 and a 27 kD 
band (Fig 41). 
Ultrastructural Monitoring of the Digestion Processes 
The effects of digestion of highly purified KIF by a-CT , 
plasmin, and trypsin were also monitored at every time point 
by t ransmission electron microscopy. In the control experi-
ments, in which no enzyme was added to the KIF aggregates, 
electron microscopy of the pellets revealed both individually 
dispersed and bundles of curvilinear, unbranched filaments 
with diameters up to 10 nm (Fig 1A). The observation of very 
thin filamentous structures in the preparation of undigested 
KIF (Fig 1A) and partially digested KIF (Fig 1B, and C) may 
D E F G H J K l 
A B c D E F G H 
FIG 4. PAGE and im munoblot a nalysis of KIF digestion with t ryp-
sin (5 x 10- ' Jlg/ml): A-E and H represent PAGE, Coomassie Blue 
stain; F, G, and I are immunoblots. A, molecula r weight standards as 
in Fig 2a. B, pellet, no enzyme added to KIF. C, pellet, 10 min digestion. 
D, pellet , 30 min digestion. E , pellet, 2 h digestion. F, immunoblot, 
pellet, control - serum #1. G, immunoblot, pellet, 1 h digestion -serum 
#1. H , PAGE of supernatant, 2 h digestion./, immunoblot, supernatant, 
1 h digestion - serum #1. For detai led description see text. 
be due to tangential sectioning of KIF in transmission electron 
microscopy. In the pellets of KIF subjected to the test enzymes 
for various t ime periods, it became obvious that with increasing 
digestion there appeared, in addition to morphologically intact 
KIF, increasing amounts of a coarse, amorphous, and at times 
more granular-appearing material (Fig 1B). After 2 h of diges-
tion with trypsin, for example, this amorphous, granular ma-
terial constituted most of the visible protein on electron mi-
croscopy (Fig 1C). 
Preincubation of KIF with Anti-KIF Au.toantibodies Followed 
by Enzymatic Digestion 
The successful binding of anti-KIF autoantibodies to purified 
KIF was demonstrated by the reduction of the anti-KIF au-
toantibody titer from 1:4000 to 1:100 after the incubation 
procedure. The presence of IgG in the thoroughly washed KIF-
anti-KIF autoantibody reaction product was demonstrated by 
strong staining of high-molecular-weight protein bands in this 
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reaction product in immunoblot experiments using a )'-chain 
specific goat antihuman IgG antiserum. This binding of anti-
KIF autoantibodies to purified KIF prior to the exposure of 
th is complex to a-CT or trypsin for various time periods did 
not exert any major protective effect on KIF against enzymatic 
digestion. This was demonstrated by an essentially identical 
degradation pattern on PAGE, of both KIF bound with anti-
KIF autoantibodies and KIF alone (data not shown). 
lmmu.nogen.icity of KIF Digestion Proteins 
Immunization of a rabbit with KIF degradation products in 
the supernatants following digestion of purified KIF with plas-
min resulted in the production of an antibody which in indirect 
immunofluorescence stained the cytoplasm of suprabasal ke-
ratinocytes including corneocytes with a titer of 1:1280. Im-
munoblot experiments showed that the antibodies bound to 
intact KIF proteins (titer> 1:10,000) as well as to KIF degra-
dation proteins in the supernatant of a plasmin digestion (titer 
> 1000). The preimmune serum stained the epidermis and 
dendritic cells in the dermis at a titer of 1:10. 
DISCUSSION 
Keratin intermediate filaments are the major structural pro-
teins of the epithelial cells of the skin (30], the keratinocytes, 
as well as the epithelial and parenchymal cells in many other 
organs of the body [1]. Elegant mapping studies using mono-
clonal antibodies directed against various KIF proteins have 
demonstrated the presence and distribution patterns of individ-
ual KIF proteins in human epidermis [26] as well as in many 
other organs as, for example, in the epithelia of the trachea, 
the gastrointestinal tract, bladder and kidney, and in hepato-
cytes (2] . It has been known for many years that in destructive 
cutaneous diseases intermediate filaments from damaged ke-
rati nocytes may penetrate into the dermis [4,8]. For example, 
cytoid bodies which are found in the dermis of patients with 
lupus erythematosus [5 ,6] and graft-versus-host disease [7] are 
known to be composed of filamentous structures resembling 
KIF histochemically and ultrastructurally [8,9,13] . These ob-
servations have been buttressed by the finding that anti-KIF 
antibodies produced in guinea pigs will bind specifically to 
cytoid bodies, suggesting that KIF comprise at least part of 
these structures [16]. Similarly, in localized cutaneous amyloi-
dosis current evidence suggests that the deposits are also his-
tochemically and ultrastructurally similar to KIF [ 4,8,11,12]. 
In addition, KIF antibodies have been found to react with this 
type of amyloid [14,15]. 
It would seem reasonable that the same phenomena causing 
the intra- and extracellular deposition of KIF in parenchyma 
must also occur in organs other than the skin. Indeed, it has 
been shown that Mallory bodies, which are found intra- and 
extracellularly in the livers of patients with acute alcoholic 
hepatitis and other liver diseases [31], consist partly of hepa-
tocyte KIF [32]. How these highly insoluble filamentous pro-
teins are processed or removed from the dermis or internal 
organ parenchyma is unknown. Two attractive and not mu-
tually exclusive hypotheses are that the KIF are opsonized by 
natural anti-KIF autoantibodies and then phagocytosed or that 
they first undergo proteolytic digestion which, if it is incom-
plete, might be followed by opsonization of the degradation 
products and phagocytosis. In this vein we have recently dem-
onstrated the existence of high-titer anti-KIF autoantibodies 
in the sera of patients with destructive cutaneous diseases. 
Additionally and more importantly, we also demonstrated the 
existence of anti-KIF autoantibodies in the sera of all normal 
individuals tested, indicating that opsonization of KIF could 
occur [18]. 
The digestion of intact, in vitro reconstituted KIF or of 
individual KIF proteins by proteolytic enzymes such as trypsin 
or chymotrypsin has been used in several studies to investigate 
structural characteristics of KIF or the relation of individual 
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KIF polypeptides to each other by peptide mapping (20-23]. In 
the present study we used the enzymatic digestion of KIF by 
proteolytic enzymes to generate KIF degradation products 
which were then investigated for their immunologic properties. 
All enzymes tested-a-CT, plasmin, trypsin, and urokinase 
(plasminogen activator, data not shown)-degraded highly pur-
ified, insoluble KIF in a dose- and time-dependent manner. 
The specific pattern of degradation by each enzyme varied 
somewhat so that, for example, the high-molecular-weight 
(61.5, 63, and 65 kD) KIF proteins were preferentially degraded 
by a-CT and the major degradation products in the range from 
41-49.5 kD were found after 30 min digestion in the insoluble 
fraction of the reaction product. In contrast, plasmin degraded 
both high- and low-molecular-weight KIF proteins more uni-
formly and major degradation products were found mainly in 
the soluble fraction of the reaction product. 
Our findings indicate that KIF autoantibodies bind to KIF 
degradation products, since strong staining of protein bands in 
the 49.5 and 45 kD region was found with both test sera used. 
In addition, faint staining of lower-molecular-weight protein 
bands was observed with the anti-55 kD autoantibodies, that 
is, a 32 and 28 kD protein band in the plasmin digestion and a 
32 and 27 kD protein band in the trypsin digestion experiments. 
Furthermore, these experiments indicate that the enzymatic 
degradation of KIF with various serine proteinases generates 
major degradation products, which have the same molecular 
weight but derive from either type I (55 kD) or type II (61.5 
and 63 kD) KIF proteins (27,28] and have retained the anti-
genic site of the original KIF polypeptide after the digestion 
procedure. These data confirm observations by Fuchs and 
Green, who have demonstrated that keratins of the human 
stratum corneum display common iso-molecular-weight degra-
dation polypeptides after partial enzymatic hydrolysis [20]. Our 
observation that anti-KIF autoantibodies bind to KIF digestion 
products also suggests that soluble KIF degradation proteins 
which still retained antigenic sites of the parent KIF proteins: 
may represent an immunogen for anti-KIF autoantibody pro-
duction. This is supported by our finding that the immunization 
of a rabbit with KIF degradation proteins resulted in the 
production of an antiserum reactive with both intact KIF 
proteins and KIF digestion proteins. However, we cannot ex-
clude the possibility that the autoantibodies which bind to the 
KIF degradation proteins represent a group of autoantibodies 
which is exclusively directed against KIF degradation protein~ 
and is present simultaneously with anti-KIF autoantibodies in 
the same human sera. 
The deposition of immunoglobulins on extracellular aggre-
gates of intermediate-sized filaments is a constant finding 
[5,33-35]. Although IgM is found predominantly, several stud-
Ies have found deposits of IgG in a high percentage of biopsies. 
For example, in one study IgG deposits were found in half of 
the biopsi~~ of localized cutane.ous a~yloidosis (33]. Similarly, 
the depos1tlon of IgG on cyto1d bod1es was described in fre-
quencies ranging from 26-100% [5,35]. Our findings also sug-
gest that this immunoglobulin deposition represents the reac-
tion of autoantibodies with these filaments rather than a non-
specific trapping of immunoglobulins as has been postulated 
[33]. 
Prior reaction of a concentrated lgG fraction of a human 
serum, containing high-titer anti-KIF autoantibodies, with pur-
ified KIF did not exert any protective effect against enzymatic 
degradation of the KIF. Our results would seem to diminish 
the likelihood that the binding of IgG interferes with the 
degradation of these deposits. A protective effect has, for ex-
ample, been observed when KIF were reacted with filaggrin, a 
basic epidermal protein which is capable of aggregating KIF in 
vitro, prior to exposure to a proteoiytic enzyme [36]. 
The enzymatic digestion of the KIF was also monitored at 
the ultrastructural level. Our findings indicate that as proteo-
lytic digestion of KIF progresses, the uniform, curvilinear, 
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nonbranching, loosely or more densely arranged filaments were 
progressively replaced by coarse amorphous or granular-ap-
pearing material. Such nonfilamentous granular-amorphous 
portions have been described to occur in Mallory bodies and 
cytoid bodies [32,37]. Furthermore, these digested or partly 
digested KIF protein masses are ultrastructurally similar to 
more electron-dense parts in deposits seen in primary localized 
cutaneous amyloidosis [4]. This is in accordance with previous 
studies which indicate that these deposits derive from KIF 
[4,8,10-12,14,15] and strongly suggests that partial digestion of 
KIF may play a role in the pathogenesis of localized cutaneous 
amyloidosis. The importance of proteolytic digestion in the 
formation of amyloid fibrils has already been demonstrated 
[38] . 
The question of how native KIF and their proteolytic diges-
tion products, in both opsonized and unopsonized forms, inter-
act with the mononuclear phagocyte system is currently under 
study in our laboratory. These studies may provide further 
insight in to how KIF are metabolized in humans and whether 
or not derrangement or overload of metabolic pathways may 
result in pathologic consequences. 
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graphic work, and Mrs. Naomi Spalding for the preparation of the 
manuscript. 
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